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INTRODUCTION 
The genealogy of organic chemistry can be traced back 
to the chemistry of natural products. In fact all the 
earlier studies in this area were confined to natural product* 
and seeds of organic chemistry were sown with the enucia'-
tion of the vital force theory. Though later experiments led 
to the abandonment of this theory natural products initially 
provided the necessary material for the development of tech-
niques in structure elucidation studies and also challenging 
templates from the synthetic point of view. It is thus, the 
chemistry of natural products that has gradually evolved into 
organic chemistry. 
The search of remedies for ailments by man before the 
advent of different systems of medicine was confi ned to 
nature which led to identification of sources of medicines, 
gradually through a process of trial and error. Chemical 
examination of such sources, in particular plants, led to an 
explosion of knowledge thus enriching organic chemistry, part 
cularly in the areas of structure elucidation and synthetic 
organic chemistry. 
Biomimetic synthesis and attempts at the improvement of 
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the efficacy of drugs isolated from the nature through the 
process of structure activity relationship has further pro-
vided new dimension to the study of organic chemistry. 
Isolation and attempt at the structure determination 
of a component isolated from the leaves of Annona squamosa 
are reported in this dissertation. The compound belongs to 
the class of acetogenin reported to occur in the family of 
Annonaceae. 
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Annonaceae Is a family of tropical and sub-tropical 
distribution and species of this family have been found to 
be depositories of a variety of secondary metabolites. A 
taxonomlcal survey of this family lists the presence of 
amino acids* aromatlcs» essential olls» lipids* phenollcs* 
proteins and terpenes In them . More recently* the presence 
of oxygenated polyketldes have been reported In this family* 
uvarlcln being the first of them • These compounds have 
been termed* *Annonaceous acetogenlns and the population 
of this tribe has swelled to over 90 over the short duration 
of 13 years. 
Isolation of a large number of compounds of this group* 
starting with uvarlcln* followed activity directed Isolation 
procedures and expectedly* aiajorlty of these compounds have 
been found to be biologically active. They have been varlousl 
associated with Insectlcldal* antileukemic* antimicrobial 
and antimalarial activity* cytotoxicity etc. Reports of the 
occurrence of these polyketldes have so far been limited to 
the genera Annona* Aslmlna* Gonlothalamus* Rolllnln* Uvarlcln 
and Xylopla. 
- 4 -
STROCTUBAL VARIATIONS 
Al l the Annonaceous acetogenins have a 3-carbon unit 
fused to the functional group end of long chain fa t ty ac ids . 
Scaae structural types manifested are mainly dependent upon 
the mode of fusion and nature of the generated y- lactone. 
Another structural variation depends upon whether in the 
carbon chain the C-4 i s oxygenated or not. The lactone end 
of the polyketides> thus can have one of the f ive structural 
forms depicted (I -V) . 
( I ) (II) 
CH3 
CH2~C"-CH3 
O 
(IV) 
(V) 
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Apart from the above^structural variants depend upon 
the naturet position and extent of oxygenation of the carbon 
chain. Oxygens occur as either hydroxyl, acetate or 
keto functionalities or as part of heterocyclic unit or 
units. The heterocyclic unit more commonly present are tetra 
hydrofurans but recently oxiranes have also been reported. 
The number and relative positions of these heterocyclic units 
can also vary and in case of tetrahydrofurans one, two or 
three such units can be present and in the event of the 
presence more than one unit» these can be adjacent or isolated. 
Additionally oxidation of the carbon chain can also 
result in a double bond in the carbon chain. Structures 
representing these vairiations are depicted below : 
Uvaricin (VI) 
-6-
Rollinone^ (VII) 
Bullatacinone^ (VIII) 
Annonacin (IX) 
- 7 -
Squamone (X) 
MeCCHg)^  
OH A—^ 
Bullatal ic in® (XI) 
Epomuricenin^ (XII) 
n = 11/13 
m = 12/10 
QH 
Squamosten-A^^ (XI11) 
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STRUCTURAL ELUCIDATION : 
The classical method of chemical degradation has not 
been very popular in this area and there have been only few 
instances of degradation of the carbon chain leading to 
smaller or known molecules. Small quantities of the isolates 
their waxy nature, low melting points and the consequent 
difficulty in handling them have precluded the application 
of this technique in majority of the cases and the accent 
has been on spectral techniques. 
Variation in the structures of these compounds apart 
from that due to the substitution pattern on the linear 
carbon chains and location of the heterocyclic units present 
is largely dependent on the nature of the lactone unit presen 
delineated earlier as 1, 11, III, IV and V. 
Due to lack of chromophores with extended conjugation 
the use of U.V. spectroscopy is seldom of utility in these 
cases. The use of IR spectroscopy is limited to the purpose 
of differentiating between saturated and a,p-unsaturated 
y-lactone moieties, the : 
the latter at 1745 cm"-*". 
former absorbing at 1770 cm" and 
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H-NMR spectxosocpy however is of profound utility for 
this purpose, and identification of the type of lactone 
moiety present is possible as illustrated in Table-I. 
Table - I 
h O 
IV V 0 
2 .26 
1.55 
6 .99 q 
4 ,99 qq 
1.41 d 
2 . 5 1 dddd 
2 .38 ddt 
3 .86 m 
7.17 d 
5.06 qq 
1.41 d 
2.54IB 
2 ,40 t 
1.69ro 
7.20d 
5.06dq 
1.43 d 
2 . 6 2 - 2 . 6 5 
2 . 6 2 - 2 . 6 5 
4 . 2 1 - 3 . 4 5 
2 . 6 2 - 2 . 5 5 
4 .53 dd 
1.30 d 
2 . 7 1 dddd 
1.70 ddd 
1.40 ddd 
4 , 0 5 m 
1,93 dd 
2 , 5 3 dd 
1,55 s 
Additionally the proton NMR is helpful in identifying 
the number of hydroxy1 and heterocyclic units together with 
their neighbourhoods. 
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The dat^ obtained from proton NMR spectroscopy can be 
13 
s u b s t a n t i a t e d by C NMR spectroscopy as the d i f f e r e n t 
lactone m o i e t i e s are a s soc ia ted with c h a r a c t e r i s t i c s i g n a l s 
( T a b l e - I I ) . 
Table - I I 
OH '--V 
IV \ 
"3^ 
"^ 1 
'35 
'36 
'37 
173.7 
134.6 
25.3 
27.5 
148.7 
77.3 
19.3 
174.65 
131.1 
37.4 
69.9 
151.8 
78 
19.1 
175 
131.1 
25 .2 
2 5 . 5 
151.5 
77 .8 
19 .1 
? 
^ 
CO 
6 
> 
r m 
178.73 
44 .8 
34 .41 
78 .86 
35 .43 
205.44 
24 .46 
-11-
The number of the carbons carrying oxygen substituents 
whether in the form of ethers as heterocyclic units, hydro-
xyls or acetates are readily available from the number of 
signals appearing in the region d 60-85, The carbons which 
are part of heterocyclic units and carry an adjacent oxygen 
are however confined to the narrower limits of d 81-83• Such 
carbons neighboured by non oxygen bearing carbons normally 
appear slightly upfield around d 79. 
The number of hydrogens attached to the carbons have 
been determined by observing the multiplicities of the carbon 
signals in off-resonance spectra or by DEFT experiments. The 
data derived from 2D-hetero correlation spectra and COSY 
experiments give a detailed picture of the molecule. 
Mass spectroscopy which is normally an adjunct to other 
spectroscopic techniques has played a key role in the study 
of these molecules. Matter of fact the substitution pattern 
on the carbon chain has largely been worked out by examining 
the fragmentation pattern. However» more refined secondary 
techniques have to be applied to derive the necessary infor-
mation. 
The molecular ion peak is rather elusive in this series 
and very often Electron Impact (EI) technique has led to 
spectra which are not reproducible due to decomposition arising 
-12-
out of pyxolysis and thexnal rearrangements. Further, the 
narrow range within which the molecular formula of this series 
differ from one another has made the accurate determination of 
their molecular ion peaks very necessary* The established 
convention is therefore, to determine the high resolution in 
ut in both or either the fast atom bombardment and chemical 
ionisation modes* 
The fragmentation pattern expected of molecules of this 
nature is illustrated by referring to the recorded fragmenta-
tion mode of Uvaricin (VI). 
CHART-I 
381 
[*2° 277 
399 
417 
J-HjO 
\"2° 
295 
435 
X ( ^ 
267 
CH, 
-H2O -AcOH 
205 4 223*- 283 •- •• 365 
-H2O 
-• 347 
-H2O 
•329 
|-co 
319 
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In several conpounds i t has been observed that fragment 
t ion peaks with ident ical m/z values can result from differeni 
parts of the molecule e .g . both the fragments XIV and XV appe 
at m/z 141. 
CTO 
+ . 
(XIV) (XV) 
The confusion so caused is circumvented by determining 
the high resolution MS. Alternatively the MS of the parent 
compounds and their derivatives, viz, acetates, TMS derivativ* 
or MTP derivatives can be determined and by comparison of th 
difference in the mass of the fragments produced from the 
same part of the molecules, an idea can be had of the locati 
of the part of the molecule from «^ich they would have origl 
nated. 
Additionally, linked scan MS (MS/MS) from daughter ion 
spectra are also determined to enable to correlate the frag-
ment ions appearing in the spectrum to the fragments from 
which they have originated. Examination of meta stable peak 
and identifying their genesis is another technique employed. 
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Detexailnation of absolute stereochemistry of these mole-
cules by X-ray crystallography is hampered by their waxy and 
amorphous nature. In acetogenins stereoisomers arise out of 
the presence of different chiral centres in the form of oxy-
genated carbons and maximum variation in the stereochemistry 
is centered around the region of the tetrahydrofuran systems. 
11 12 The methodology developed by Hoye et al. ' is helpfuJ 
in determining the relative stereochemistry of the chiral 
centres in adjacent bls-tetrahydrofuran dihydroxy molecules 
(XVI), This method involves the comparison of "Hi-NMR spectra 
OH ^ 
(XVI) 
of acetogenins with the spectra of a group ofstereospecifically 
synthesised diastereomeric dibutyl diacetylated bis-tetra-
hydrofurans. This technique has been used in determining the 
relative stereochemistry of Uvaricin , asimlcin and rollini-
14 
astatin , 
-15-
Another technique that can be employed for the same 
15 purpose Is that developed by Born et al. In this method 
the minor differences in the chemical shifts in H NMR and 
13 
C NMR of the model compounds, both erythro and threo 
isomers, are compared with those of concerned acetogenlns 
and appropriate conclusions drawn. It has been observed 
that result in both these techniques are essentially ccnople-
mentary. 
Stereochemical variations can also arise out of the 
lactone ring and its neighbourhood. In the case of 
Uvaricin this was sorted out by ozonolytic degradation of 
the lactone ring and comparison of the generated lactic 
acid with R- and S-lactic acids. It was concluded that the 
2 
chiral carbon of the lactone ring had the S-configuration . 
Circular dichroism studies have al^o been helpful in defin-
ing the stereochemistry of the oxygenated C-4 located in 
the vicinity of the lactone ring « 
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BIOGENESIS 
Structurally the carbon chain in Annonaceous acetoge-
nins are closely related to fatty acids and it is logical to 
hypothesise the same polyketide biogenetic pathway for both 
these classes of compounds. The carbon chain of these aceto-
genins can, thus* be assumed to be derived by linear combi-
nation of two or three carbon precursors* viz. acetyl CoA, 
malonyl CoA or propanyl CoA. 
Formation of the heterocyclic moieties and hydroxyla-
tions has been assumed to arise out of epoxidation of diene, 
triene or triene ketone intermediates sequelled by opening 
2 16 
of the epoxide ring and ring closure ' as detailed in 
Chart-II. 
The lactone ring at the head of the carbon chain can 
be presumed to arise by an aldol type condensation between 
the fatty acid and a three carbon synthon as has been 
observed in the biogenesis of fatty acid derivatives^^. 
CHART - I I - 1 7 -
d i e n e 
CH3-CO.SC0A > 
triene 
O^H 
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BIOLOGICAL ACTIVITIES 
In indigenous systems of medicine practised in various 
areas* plants of Annonaceae have been used as antitumor 
agentsy emetics etc. Pesticidal activity have also been 
1 18 
attributed to these plants » . 
The cytotoxic and antitumor activity of these plants 
have been traced to the acetogenins present and the result 
of screening of 28 compounds of this class have been listed . 
Structure activity relations derived from such studies 
indicate that cytotoxic potency decrease in the order of 
acetogenins possessing adjacent bis-tetrahydrofuran, non-
adjacent bis-tetrahydrofuran and mono-tetrahydrofuran systems. 
It has also been observed that molecules carrying hydroxy1 
functions are more active and acetylation or oxidation of 
these functions result in decreased activity. Activity is 
also influenced by the nature of the lactone moiety present, 
a,p-unsaturated lactone containing acetogenins being more 
active than those carrying saturated or keto-lactone moieties, 
though a certain amount of selectivity has been observed among 
different cell lines tested . 
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Several acetogenins have been tested for pestleidal 
activity. Annonin and iso-annonin have been reported to 
show ovlcidal and larvicidal activity against Drosophila 
19 
melanogaster • 
The crude extract of Asimina triloba has been reco-
20 
nmendedi as a garden pesticide and among several patents 
21 Issued is one for asimicin • Ecologically acetogenins 
hold the promise of developing into biodegradable pesti-
cides. 
Other medicinal properties reported for these 
compounds include antimicrobial^^ and antimalarial 
activities . 
DISCUSSION 
- 2 0 -
In the absence of f a c i l i t i e s for ac t iv i ty oriented 
i so la t ion , the plant material* either leaves or stems were 
extracted successively with petroleum ether, ethyl acetate 
and ethanol. All these extracts were concentrated and chro-
matographed and what i s being reported here i s the study of 
an i s o l a t e from the petroleum-ether extract of the leaves , 
tsrmed LPAS-1, 
The UV spectrum of acetogenins are not very informa-
t i v e and LPAS-1 absorbed in the LV at 209 and 310 nm. The 
band at 209 nm i s common to a l l acetogenins possessing an 
a, ^-unsaturated butyrolactone. The high wave length band 
appearing at 310 nm, can be attributed to the low intensity 
* 
n - n transi t ion characterist ic of keto functions. Ketonic 
acetogenins have been reported to absorb in t h i s region, v i z . 
Rollinone (280 nm) , Squamone (204 nm) . Presence of the 
unsaturated r-lactone moiety i s also suggested by pos i t ive 
colour reaction towards both Kedde's^ and Legal's reagents*^^, 
The IR spectrum of LPAS-1 i s more informative. That 
- 2 1 -
i t carries a linear carbon chain having more than 4-carbons 
i s indicated by the strong band at 720 cm" arising out of 
the rocking mode of the -CH^- groups. Additionally bands at 
2849 and 2920 cm are characterist ic of in phase and out of 
phase vibrations of hydrogens of -CH2- groups. In the C ^ 
bending region two c lose ly spaced bands appear at 1468 and 
1174 cm" , the former of which can be attributed to Gi-
bending in methylene. The surmise that the la t t er ar ises 
out of methyl/methyls derives support from the absorbance at 
1381 cm appearing in the region characterist ic of t h i s 
group. 
Funct ional i t ies which can be characterised from the IR 
spectrum of LPAS-1 are hydroxyl and carbonyl, the peak repre-
sentative of the hydroxyl function appearing at 3420 cm" . 
Two peaks appear in the carbonyl region at 1710 and 1731 cm" , 
Assuming t h i s substance to be an acetogenin, the former 
t e s t i f i e s to the presence of an a,^-unsaturated Y-lactone 
system validating the tentat ive conclusion drawn from the UV 
data and colour reactions alluded to ear l i e r . Further, t h i s 
data a lso helps exclude the presence of a saturated butyro-
lactone moiety which would have absorbed at 1780 cm"^. The 
other carbonyl band at 1730 cm" i s suggestive of a carbonyl 
function. On the evidence adduced above LPAS-1 can be con-
cluded to be a keto-acetogenins. 
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The low resolution H t^tW spectra i s strongly supportive 
of the presence of the unsaturated butyrolactone moiety in 
the appearance of a H s ingle t at d 7 ,26. This proton being 
attached to the ^-carbon of an a>^ unsaturated carbonyl 
appears at th i s strongly deshielded value in a l l acetogenins 
carrying th i s moiety. The other s ignal suggestive of (XVII) 
(XVII) 
is the appearance of a signal at d 1.58 representing 3 
protons and another at 5,40 representing one proton, assign^ 
able to the methyl and to the proton under oxygen of the 
lactone system, which is allylic as well. 
The methylene envelope characteristic of the methyl-
enes present appears at 1.25. The protons of the methylene 
adjacent to the lactone moiety appears as a broad multiplet 
centered at 2.38, in which probably are also incorporated 
the methylene protons flanking the carbonyl^ 
- 2 3 -
Annonaceous acetogenins are r e l a t i v e l y more oxygenated 
than the analogous fa t ty acids* and with rare exceptions, at 
l eas t one tetrahydrofuran moiety i s a part of the carbon 
chain. Several hydrogens are therefore located on oxygen 
carrying carbons and are, therefore, correspondingly deshie l* 
ded. Such protons are discernible at 3.76 and 4 .12 . The NMR 
spectrum thus supports the formulation of LPAS-1 as an aceto-
genin* 
As has been discussed ear l ier , mass spectroscopy plays 
more than a conventional i^ole in the structural elucidation 
of such type of molecules* particularly in locating the pos i -
t ion of various substituents present. This approach, how-
ever, i s handicapped by the fact that the US of these compound 
are not readily reproducible and that fragments of ident ica l 
m/z can be generated from different parts of the molecules. 
Therefore, high resolution MS has almost become a necessity 
in the structural elucidation of members of th is group of 
compounds. Unfortunately, a high resolut ion MS could not be 
secured in this case and the tentat ive structure derived for 
LPAS-1 i s based on a low resolution MS. 
The base peak of LPAS-1 appears at m/z 239 and genesis 
of t h i s peak can be rat ional ised by locating a hydroxyl on 
C-11 (XVIII). 
-24-
R—^CH 
(XVIII) 
Cleavage of the C,.-C.^ bond gives the fragment ion 
«d.th the composition -^,^ 1^ 2302 (239), This fragment can 
lose a hydrogen resulting in a peak at 238. Further frag-
mentation can be depicted as Illustrated in Chart-III. 
CHART - I I I 
- 2 5 -
125 (4.325^) 
-14 
111 i8.23%) 
-26-
What Is significant is that no fragment appears at 
o/z 141, which is common to acetogenins carrying a 4-hydroxyl 
function or adjacent bis-tetrahydrofuran functions. These 
therefore,can reasonably assumed to be not present in this 
instance* 
One of the hydrogens under oxygen appear at the 
unusually deshielded value of 4.12 which would suggest 
additional deshielding influence. This proton could be 
reasonably assumed to be located a to a carbonyl group. The 
mass spectrum supports this postulation in the appearance 
of peaks at m/z 213 and 241 which can be rationalised as 
follows. 
In this instance the presence of the ubiqutous 
hydroxyl on C-15 has been assumed (Chart-IV). 
CHART - IV 
.A /^ a 
- 2 7 -
C o n t d * . . • CHART - IV 
1 + . 
J 
(b) 451 (4 .023i) 171 (a ) 
-H 
-H^O 
-H2O 
-H 
431 -* 415(4 .01%) > 414 (l2.485li) 
4 5 0 ( l . 4 6 3 i ) -• 432 (0 .14?i) 
-H^O 
—H —H 
(a) ». 170 — • 1 6 9 ( 3 . 3 6 5 6 ) * 1 4 1 
- 1 4 
, - 1 4 - 1 4 
85(23 .11%)< 99 •• 113(3 .86)» 127 (5.23?6) 
(5.16%) 
1-14 
71(42.03%) 
- 1 4 •^ 57(64 .43%) 
- 2 8 -
Fragments appearing at higher m/z values v iz . 451 
(4.02Sfi), 450 (11.46?^), 432(0.143^), 415 (4.013^) and 414 
(12*4^) are thus accounted for» though the counterpart 
ion *a* i s not recorded at m/z 171, The col lapse of t h i s 
fragment and the resultant fragments arising through loss 
of hydrogen, CO and sequential loss of methylenes are 
recorded as i s the case with l inear alkanes. 
What i s s ignif icant however are the cleavages of the 
CgQ-Cgi bond to give the fragment 'C* which appears at m/z 
213 (3.00?^) and the C^^-C20 bond leading to the fragment 'e* 
which appears at m/z 241 ( 2 9 . ^ ) . The carbonyl group thus 
can be tentat ively located at posit ion 20, on the basis of 
both the fragments arising out of i t s a-cleavage on 
either sides* One of these fragments i « e . 241, can lose a 
hydrogen to give r i s e to the peak at 240. A very minor peak 
at 381 (0.209() can be attributed the fragment *f*. 
Cleavage of the C,t-C,^ bond can give r i s e to two 
fragments with ident ical m/z values of 311, one of which can 
lose a hydrogen to give r i s e to the ion recorded at 310 
(6.61^). Similar a cleavage between C, . and C,^ can lead to 
the fragment ion recorded at XBJZ 281 (3.06X) which can sub-
sequently generate the peak at 267 (7.595<)helping to locate 
-29-
a hydroxyl on C-15. 
The hydroxyl located on C,, can also induce an 
a-cleavage between C,, and C^Q (Chart-V) leading to 
fragments at m/z 97, 83, 69 and 55. 
CHART - V 
69 -14 
-> 55 (30.94?i) 
-30-
These cleavages further confirm the location of the 
hydroxy1 on C-ll. Collapse of the fragment arising out 
of terminal lactone and appearing at m/z 111 can lead 
to fragments at m/z 96 (18.8%) and 68 (6.01^) Chart-VI. 
CHART - VI 
96 
-28 
68 
- 3 1 -
On the basis of the evidence produced LPAS-1 can 
tentat ive ly be assigned the structure (XIX). 
(XIX) 
EXPERIMENTAL 
- 3 2 -
Melting points were determined on a Kofler block and 
are uncorrected. UV spec t ra were recorded in MeOH/dioxane 
on a ELICO SL 151 Spectrophotometer and IR spect ra in KBr/ 
Nujol on a IR-408 (Shimadzu) or FTIR (eOJfrIz Perlcin Elmer)-
spectrophotometer, H-^ A^ffil were determined on Hi tachi Perkin 
Elmer (60 lifiz) " instrument using IMS as i n t e r n a l standard 
in CDCl-j. Chemical s h i f t s are recorded in d values r e l a t i v e 
t o TMS assigned at zero . Mass spect ra were recorded on a 
J e e l D 3CX)-spectrometer. 
Column chromatography was ca r r i ed over SRL s i l i c a ge l 
(60-120 mesh) and TLC over s i l i c a ge l G (E. Merck). Iodine 
and phosphoraolybdic acid were used for v i s u a l i z a t i o n of TLC 
p l a t e . 
Leaves of Annona squamosa (4 kgs) co l lec ted from the 
un ive r s i ty campus were a i r dr ied and ext rac ted t h r i c e in t he 
cold (4 days, room temperature) and f i n a l l y a t ref lux tempe-
r a t u r e (4 hrs) successively with petroleum - e ther , e thyl 
-33-
acetate and methanol. All these extracts were concentrated 
separately. TLC examination of these concentrated extracts 
revealed them to be mixtures and hence were chromatographed. 
Before chromatography, the separation of alkaloids was 
experimented as a primary step. The extracts were freed of 
solvent,dissolved in chloroform,extracted twice with 5?i HCl, 
washed with water and dried over anhydrous sodium sulfate. Th< 
acid extract was basified with ammonia and extracted with ethej 
and dried over anhydrous sodium sulfate. 
Chromatography of the Petroleum - ether extract : 
The concentrated petroleum - ether extract was absorbed 
on silica gel and the slurry dried by spreading it out. The 
powder so obtained was deposited on a column of silica gel 
and the column eluted with petroleum - ether containing pro-
gressively increasing quantity of benzene followed by ethyl-
acetate. Fractions collected were monitored by TLC [Silica-
gel. Petroleum - ether : Benzene; (3:1) visualized with iodine 
and phosphomolybdic acid] and appropriate fractions combined. 
The compounds isolated from Petroleum - ether extract are 
listed in Table. 
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TABLE 
Isolated 
compound 
code 
LPAS-1 
LPAS-3 
LPAS-4 
LPAS-6 
LPAS-6 
LPAS-7 
• I =s 
Fraction 
Number 
10 -
18 -
24 -
33 -
43 -
50 -
Iodine 
15 
22 
31 
42 
49 
62 
Eluted Visualized 
solvent by 
Pet. ether: 
Benzene 
(75:25 v/v) 
« 1 
« 1 
1 1 
1 1 
(50:50, v/v) 
I2/PMA* 
TLC 
solvent 
Pet.ether: 
Benzene 
(3:1) 
1 1 
f t 
1 1 
f t 
(1:3) 
m.p. s 
94-5 
82-3 
89-91 
81-82 
66-68 
106-108 
PMA = Phosphomolybdic acid 
- 3 b-
F r a c t i o n number 10 -15 , e lu t ed wi th pe t ro leum - e t h e r : 
Benzene ( 7 5 : 2 5 ; v/v) examined were found t o c o n t a i n t h e same 
component. The f r a c t i o n s were combined and t h e s o l v e n t 
d i s t i l l e d of f . The r e s i d u e ob ta ined as a s o l i d was c r y s t a -
l i z e d from benzene : p e t r o l e u m - « t h e r t o g i v e whi t e c r y s t a l s , 
m.p. 94-95°C. 
UV (Dioxane) max : 2 0 9 . 0 and 310 .0 nm 
IR (Nujol/KBr) max 
•^H NMR (CDCI3) 
Mass 
3420, 2920, 2849, 1731, 1730, 1710, 
1468, 1381, 1174, 720 cm"-*-. 
d 7 .26 ( s , p -H) , 5 .40 ( s , IH, a l l y l i c 
p r o t o n ) , 4 .12 and 3.76 (THF-pro ton) , 
2 .38 (ra, -CHg-adjacent t o l a c t o n e ) 
1.58 ( s , 3H, l a c t o n i c -CH^), 1.25 ( s , 
2H, -CH2- c h a i n ) . 
m/z : 4 5 1 , 450, 432, 415, 414, 381 , 3 1 1 , 310, 2 8 1 , 
267, 2 4 1 , 240, 239, 238, 213, 171, 141 , 97, 
96, 8 3 , 69, 68 and 5 5 . 
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